This study examined the differences in the electrodermal activity (EDA) of 19 ROTC cadets viewing a 2D or 3D perspective display. Skin conductance responses (SCRs) were analyzed using a multistep visual analytic process and coded according to participant and condition. Results show non-significant differences SCRs between conditions, however since it is only an initial study, more research needs to be done before definitive conclusions can be made. Future investigations involving mixed method research design are discussed with a specific emphasis on user engagement and workload. The results of this initial study will be incorporated into future research with the United States Military Academy at West Point.
INTRODUCTION
Current work at the U.S. Army Research Laboratory is focused on the development of innovative tools to train soldiers and technologies to facilitate learning and skill development in self-regulated environments. The research presented herein examines the integration of two such technologies designed to train and assess military tactics: (1) the Augmented REality Sandtable (ARES; see Figure 1 ) and (2) the Generalized Intelligent Framework for Tutoring (GIFT). ARES is an innovative extension of a traditional sandtable through the incorporation of commercial-off-theshelf technologies. These technologies when paired together are used to augment a sandtable with digital projections of terrain, with the capability to track depth features and user movements to control and adapt environment features.
Figure 1. Augmented REality Sandtable (ARES)
ARES was paired with GIFT to support its application as an intelligent training tool used to deliver instruction, assess knowledge and skill, and provide coaching and feedback when deficiencies in performance are detected. GIFT provides the tool and methods to author all components of an intelligent tutoring system (ITS), including the ability to monitor sensors that track user behavioral and physiological features. The measurement of these data types can help us in better understanding how to assess arousal, stress and other affective responses experienced during learning (Hernandez, Morris & Picard, 2011) .
In the context of human factors research, physiological response is often investigated to gauge real-time cognitive and affective shifts in state. For an initial experiment, we wanted to investigate the effect ARES has on physiological response when a user is asked to perform the military tactics training task. As ARES is an innovative tool that incorporates 3D perspective, we want to assess if individual's exhibit a higher state of arousal/engagement during interaction with the system when compared to a traditional 2D display. We can also observe arousal trends as it relates to knowledge components the training materials assess. This approach to assessment is especially of interest to the training and education research communities, where methods are investigated to enable systems to accurately detect and automatically react to cognitive and emotional states that impact learning outcomes (D'Mello & Kory, 2015) . With an underlying goal of unobtrusive physiological tracking, the variable of electrodermal activity (EDA) was selected for arousal assessment purposes.
Measuring EDA
EDA is a method to measure arousal according to an increase in skin conductance (Boucsein, 2012; . When an external stimuli triggers an abrupt change in arousal, it is classified as a skin conductance response (SCR). An SCR has been documented in the literature as exhibiting a rapid increase in arousal, lasting for 1-5s, while exhibiting exponential decay, and reaching a particular amplitude, usually between .01 and .05 microsiemens (Boucsein, 2012; Taylor et al., 2015) .
The traditional approach for the measurement of EDA consists of silver / silver chloride (Ag/AgCl) electrodes on the middle phalanges of the second and third fingers Boucsein, 2012) . However, the need to capture data outside the laboratory led to the recent development of devices that could be donned by active users (i.e., the Empatica E3, and the Affectiva Q Sensor; Garbarino, Lai, Bender, Picard, and Tognetti, 2014) . These devices have a wristband-like form factor, which can be worn during every day activities and are less likely to interfere with participant movements.
While this method supports a passive capability, it is worth mentioning that ambulatory EDA has the potential for incomplete data due to loss of contact with the electrodes as a result of movement . Furthermore, the placement of the sensor on the dominant or non-dominant wrist can produce inconsistent results (Picard, Fedor, & Ayzenberg, 2015) . As such, appropriate measurement of EDA requires consideration of data filtering and noise reduction (i.e., exponential smoothing, band-pass filtering, and removal of outliers). With many recognized methods for managing noisy EDA data sets (Hernandez et al., 2011; Kocielnik, Sidorova, Maggi, Ouwerkerk, & Westerink, 2013) , the first derivative is recommended by Boucsein (2012) to determine the peak of a SCR.
With GIFT simultaneously logging ARES interactions with sensor feeds, shifts in arousal can be linked with contextual cues collected directly from the training application. Current research in EDA discusses the importance of context in which the SCR occurs (Sysoev, Sedlar, Kos, & Pogacnik, 2014) . The resulting testbed environment provides logging capabilities to track and model EDA, which for the purpose of this experiment was collected using the Affectiva Q-Sensor.
The present study hypothesizes that the 3D perspective display will increase the engagement of participants, due to factors such as perceived usability, satisfaction, aesthetics, and novelty (Wiebe, Lamb, Hardy and Sharek, 2014) . It is expected that the increase in engagement will result in an increase in arousal and therefore an increase in the EDA by the participants . This is, as opposed to a traditional, flat condition, where it is expected that lower engagement levels will lead to lower EDA.
METHODS

Participants
Nineteen ROTC cadets (17 male; 2 female) between the ages of 20 and 30 (M = 21.84, SD = 2.22) completed this study. The cadets were all seniors, had completed the Military Science III (MS-III) course at a large southeastern university. Out of the 19 participants, two had data that were incomplete. Therefore, 10 participants from the ARES condition and 7 participants from the flat condition are included in the following analysis.
Apparatus
Generalized Intelligent Framework for Tutoring (GIFT).
GIFT is the intelligent tutoring system managing the experience during the study. It also allows for course content creation, pedagogical strategy implementation, and student assessment across a variety of domains (Sottilare, Brawner, Goldberg, & Holden, 2012) . By having a better understanding of individual learners, through the collection of data via physiological measures GIFT can provide an in-depth, theoretically sound and accurate knowledge about a learner's state.
Affectiva Q-Sensor.
The Affectiva Q-Sensor is a wearable, wireless biosensor that measures emotional arousal via skin conductance that increases during states like excitement or anxiety and decreases during states of boredom or relaxation (Poh, Swenson & Picard, 2010) . It is integrated with GIFT for time synced logging of EDA data with GIFT domain session information. The Q-Sensor collected data at a rate of 4 Hz.
Augmented REality Sand table (ARES)
ARES is a proof of concept test bed using a commercially available projector, monitor, laptop, and Microsoft Kinect. The interested reader is referred to Amburn, Vey, Boyce, and Mize (2015) for more detailed information on ARES. This research examined how participant's EDA changed as they answered tactics questions on a 2D or 3D perspective display.
Experimental Design
Participants were assigned to one of two conditions with the 2-D flat view serving as the control condition (N = 9, 7 males, 2 females; M age = 21.33, SD age = .50); while the 3-D perspective (ARES) view serving as the experimental condition (N = 10, 10 males, 0 females; M age = 22.30, SD age = 3.02; See Figure 2 ).
Figure 2. Experimental Conditions -flat on left, ARES on right
The experiment was a between-subjects design with the display type serving as the independent variable and the number of SCRs serving as the dependent variable. Further analysis also examined individual questions as the independent variable and the existence of an SCR as the dependent variable. The reason for using this type of design is to help provide a more complete understanding both according to participant and condition, which helps inform the design of future studies. The analysis of the EDA data was a multi-step process to investigate the following research question: Are there differences between conditions as to the number of SCRs? From this research question, the following hypothesis was developed:
H 1 : Participants in the ARES condition will exhibit an increase in SCRs when exposed to the task environment as compared to those in the flat condition.
The EDA explorer tool developed by Taylor et al. (2015) could not be used because the minimum rate for analysis is 8 Hz. Future studies will accommodate for this requirement. The analysis consisted of the following steps:
1. After verifying that the data was represented at 4 Hz, and that analysis started after the first full second, the first derivative was taken to establish change in amplitude. 2. Any change in amplitude exceeding 3 μS was removed as outliers. The selection of 3μS as the cutoff for outliers was based on the work of Braithwaite, Watson, Jones & Rowe (2015) , who suggested that typical SCRs can range to a maximum of 2-3μS. 3. The amplitude criterion was set at .05μS which was due to using visual inspection as a part of the analysis process. 4. The average (non-zero) standard deviation of the amplitude was taken, and this number was added to the threshold for the participant to accommodate for individual differences. 5. The subset consisting of EDA data from the start of the first question till the end of the eighth question was extracted and examined to determine locations where the data exceeded the criterion for at least one second. 6. The point at which the derivative crossed the x-axis was determined to locate the peak of each potential SCR. 7. Once the peak was located, the data points surrounding the peak were examined for exponential decay.
Procedure
Upon signing the informed consent, all participants were fitted with a Q-Sensor, which was connected to GIFT through Bluetooth. The participants were instructed to ensure that the Q-Sensor was snug on their wrist to reduce the potential for artifact based on a change in the strength of the connection between the skin and the electrodes (Boucsein, 2012) . Prior to viewing the display associated with their condition, participants filled out a series of surveys; a demographic survey followed by the Vandenberg and Kuse (1973) mental rotation test. Participants also took the selfassessment manikin (Bradley & Lang, 1994) . The SelfAssessment Manikin (SAM) is a picture-oriented, scale to assess dimensions of valence, arousal, and dominance. Then, participants answered a pretest on their knowledge on concepts related to platoon and squad level tactics. The experimental task consisted of eight military tactics questions that were validated from course instructors from three separate institutions. An example tactics question would be: As a platoon leader, from an offensive standpoint, given these specific terrain conditions, what is the best objective rally point (ORP)?
See figure 3 for an example of a participant using the ARES / GIFT interface. 
RESULTS
For the 17 remaining participants, 4 participants from the ARES condition, and 5 participants from the flat condition had SCRs according to the criteria outlined above. SCRs according to condition and individual question are broken down in table 1. Note: both of the individuals with incomplete data (P12 and P17) were in the flat condition, and there was no P2 due to it being reserved as a system admin account. P19 and P20 participated at the end of the study in an attempt to get equal participants per condition. As can be seen from the table, the results are in the opposite direction with respect to H 1 with more SCRs occurring in the flat condition. A chi-square test was conducted to compare whether or not an SCR occurred and experimental condition. The chi-square test did not provide evidence to reject the null hypothesis χ 2 (1) = 1.63, p =.20, Fisher's exact test, p =.21 such that there was not a significant difference in the number of SCRs for the 3D perspective (ARES) condition (M = 3.60; SD = 2.30) and the 2D (flat) condition (M = 3.00; SD = 1.41).
Additional Exploratory Analysis on Participant Data
To get a better explanation of the results, descriptive data from each participant that showed an SCR was examined:
ARES.
P4 (Male, Average Temperature 94°F): P4 had SCRs on the first and seventh questions. In comparing his performance data, on the first question he got the answer correct and took 58.50 seconds, and on the seventh question he got the answer correct and took 65.65 seconds (Total Score 5/8, average time 62.33 seconds).
P5 ( 
Flat.
P10 (Female, Average Temperature 95°F): P10 had an SCR on the fifth question, which she got wrong and took 60.80 seconds (Total Score 2/8, average time 49.90).
P11 (Male, Average Temperature 93°F): P11 had three SCRs on questions two, three, and eight. For question two, he got the answer correct and took 44.17 seconds. On question three, he got the answer correct and took 30.82 seconds, while on question eight he got the question correct and took 21.33 seconds (Total Score = 7/8, average time 28.69 seconds).
P13 ( : correct, 21.47; Q5: wrong, 29.12; Q6: wrong, 24.95; and Q8: wrong, 24.08 (Total Score 4/8, average time 24.96) . DISCUSSION This paper discussed the process of analyzing EDA data from an initial study examining differences between 2-D and 3-D perspective displays. The process for cleaning the data, defining the amplitude thresholds, determining peaks and coding SCRs was described. The findings indicated that there were not significant differences in the number of SCRs between the ARES and flat conditions. Related research examining the use of physiological data assessing engagement (O`Brien & Lowden, 2013) note that positive emotional experiences can demonstrate below baseline EDA, which preferential and positive comments regarding ARES anecdotally support, but at this point can't be confirmed empirically since baseline data was not collected. To further investigate the role of engagement in future work, we will be using a mixed method approach combining physio, performance, and self-report data, including surveys such as the User Engagement Scale (O`Brien & Toms, 2010), SelfAssessment Manikin (Bradley and Lang, 1994) and the System Usability Scale (Brooke, 1996) .
Another explanation is the influence of frustration for individuals in the flat condition. If the entire sample population is examined (not just the individuals who exhibit SCRs) frustration according to the NASA-TLX subscale was higher for the flat condition (M = 40.33, SD = 36.66), than the ARES condition (M = 24.80, SD = 25.38). Therefore more indepth systematic research is needed to help better identify the various factors of engagement and workload and how those are influenced by display format.
Study Limitations
This study had limitations which can provide insight but need to be addressed before the research can be applied on a larger scale:
1. The exposure to only one map format. Participants in this study were only presented one type of map (2D or 3D perspective, not both) which did not allow for the comparisons within an individual and their interactions between the two displays. To accommodate this limitation, a within-subjects design will be used in the expanded study. 2. Potentially, the sample size was not large enough to generate enough power in the context of a between-subjects design. To accommodate this, the study will be expanded in collaboration with the United States Military Academy at West Point starting in the late summer / early fall of 2016. 3. Although small, there was a gender discrepancy between the two conditions with both female participants being in the flat condition. Judging by an Army population, it may not be possible to get equal gender balance but it will be important in future studies to ensure that the ratios are the same. 4. The use of automated artifact detection software.
Part of the challenge in analyzing this data was that it was captured at too slow of a rate to facilitate using Picard and colleagues EDA Explorer. By not using this technology, human error during the analysis process could have misdiagnosed EDA data.
Directions for Future Research
The ability to capture physiological data associated with military training tasks is an area where EDA can be a useful supplement to existing performance data. Soldiers are often exposed to psychomotor activities such as marksmanship, land navigation and driving a vehicle. By developing a replicable method for analyzing and identifying key events, this research can become device-independent and continue to evolve with the development of new technology.
CONCLUSION
This experiment tested the applicability of using an electrodermal sensor in collaboration with multiple types of displays for the assessment of military tactics being taught to cadets. The data demonstrated that there is indeed differences both between display types and within individual cadets. Further analyses showed that investigation is needed to better understand contributors to performance during sand table exercises. This research will be continued in an upcoming study to add more to the literature and to guide instructional experiment design.
